Mercury toxicosis has been reported in cats, pigs, calves, horses, and laboratory animals (rats, mice, mink, ferrets, and guinea pigs) but rarely in dogs. Clinical signs and lesions of mercury intoxication depend on the species affected, dose obtained, route of administration, chronicity of exposure, and the chemical form of the mercury involved. 12,28.29,32-34 The few reports of mercury toxicity in dogs discuss renal but not neurologic abnormalities. 20,25 A 6-year-old obese (9.13 kg) ovariohysterectomized Shih Tzu was referred to the Texas Veterinary Medical Center (TVMC) for evaluation of progressive neurologic and gastrointestinal signs of 3 days' duration. The dog was initially presented to the referring veterinarian for a 1-day history of intermittent vomiting of blood-tinged mucus. On presentation to the referring veterinarian, the dog had a painful abdomen, vomited blood-tinged, foamy mucus twice during examination, and developed watery, bloody diarrhea. The dog was hospitalized and intravenous fluid, anti-inflammatory (prednisolone sodium phosphate, flumethasone), and antibiotic (ampicillin) therapies were instituted. While hospitalized, the dog developed mild horizontal nystagmus, a right head tilt, ataxia, and reluctance to walk, which progressed over 3 hours to severe horizontal nystagmus, tetraparesis, extensor rigidity in all limbs, and opisthotonos unresponsive to diazepam therapy.
seconds were observed over a 6-hour period. On the third day following referral, the dog became markedly depressed, unresponsive to environmental stimuli, and hypothermic (35.7 C) . Because of the poor response to therapy and the decline of the dog's condition, the dog was euthanized.
Gross necropsy lesions were confined to the abdominal cavity. The mucosal surfaces of the duodenum, jejunum, and proximal ileum were roughened and congested. The entire digestive tract contained moderate to large amounts of bloody ingesta. The urinary bladder contained multiple petechiae and ecchymoses. The mesenteric lymph nodes were edematous.
Microscopic lesions were detected in the brain, spinal cord, kidneys, and intestines. Brain lesions consisted of a generalized hypertrophy and proliferation of perivascular adventitial cells, with a minimal infiltration of monocytes and lymphocytes in the perivascular spaces and a diffuse reactive microgliosis and astrocytosis. The dorsolateral geniculate nucleus of the thalamus contained numerous shrunken, basophilic neurons intermixed with normal neurons (Fig. 1) . The fimbria of the cerebrum and medial aspect of the medial cerebellar peduncle contained 2 foci of prominent edema, mild spongiosis, and central chromatolysis of neurons. The medullary white matter of the cerebellum and trigeminal nerves contained severe axonal swelling and degeneration extending through the brain stem, although the nerve cell bodies were unaffected (Fig. 2) .
Spinal cord lesions consisted of severe axonal swelling and degeneration with occasional spheroid formation, moderate edema, and myelin digestion chambers ( Fig. 3) . Perivascular lesions were similar to those in the brain. Lesions occurred primarily in the fasciculus cuneatus, spinothalamic, rubrospinal, and dorsal, ventral, and rostral spinocerebellar tracts of the spinal cord. All levels of the spinal cord were affected, with the cervical and thoracic regions the most severely affected.
The kidneys were edematous with tubular cell degeneration and necrosis with proteinaceous cast formation. There was acute, diffuse, superficial villous necrosis of the duodenum, jejunum, and ileum.
Based on the presence of both acute gastrointestinal and neurologic signs and the brain and renal lesions, heavy metal toxicity was suspected. Liver and kidney were analyzed by atomic absorption spectrophotometry for lead, arsenic, and mercury. Analysis revealed concentrations of lead and arsenic to be within normal parameters (<0.1 ppm). Hepatic and renal mercury concentrations were markedly elevated (2.8 and 3.3 ppm wet weight basis, respectively; reference range, <0.1 ppm). Neither the source nor the type of mercurial compound could be identified through close discussion with the animal's owner.
Mercury exposure usually occurs through environmental contamination. Mercury, especially alkyl mercury, in electrical appliances accounts for over 33% of the annual use of mercury in industry. 8 Burning of fossil fuels and electrical equipment leads to the precipitation of mercury on water and vegetation. 1, 24, 26, 30, 32 Fungicides, herbicides, pesticides, and antimicrobials may also contain mercury. 13, 26 Most documented reports of mercury toxicity in animals and humans occur through the consumption of fungicide-treated seed and grain. 2, 15, 19, 28, 32 Other sources of mercury include paint preservatives, floor waxes, furniture polishes, antiseptics, and disinfectants. 8, 13, 19, 24, 26 Marine pollution with mercury primarily occurs through industrial contamination. Decomposition of organic material by aquatic organisms leads to the methylation of inorganic mercury with low toxicity to organic mercury with higher toxicity. Consumption of fish contaminated with this organic mercury can be a major source of dietary mercury. 13, 19, 23, 24, 26 The most consistent signs of mercury intoxication in mammals are anorexia, hypothermia, nervous dysfunction, renal dysfunction, gastrointestinal signs, shock, or death. Nervous signs include ataxia, decreased conscious proprioception, blindness, retardation, opisthotonos, limb rigidity, paresis, paralysis, convulsions, tremors, coma, or respiratory arrest. Gastrointestinal signs include vomiting, diarrhea, hypersalivation, dysphagia, or colic. Mercury is primarily absorbed into the body by the gastrointestinal tract, 7,13,24 with some absorption occurring through the respiratory tract and skin. 7,13 Because of its lipid solubility, mercury is rapidly absorbed into cells, where it binds to proteins, mitochondria, and lysosomes. 12,34 Organic mercury compounds, especially the alkyl mercurials, are the most toxic chemical forms of mercury because of their high affinity for nervous tissue. 8, 13, 32, 33 Inorganic mercury compounds usually produce milder clinical signs; however, the pathologic lesions are similar. 9 In most cases of mercurial toxicity, mercury is identified analytically, but the chemical form of the offending mercurial compound is not determined, making identification of the source difficult. 32 Heavy metals bind to a wide variety of molecules and ligands, making them potent inhibitors of enzymes and protein synthesis. 13, 15, 19, 21, 27, 32, 35 The initial cytologic effect is through increased cellular permeability by binding and damaging surface enzymes. Subsequently, mercury enters the cell and affects intracellular enzymes, resulting in cell death. 10, 12, 27 Organic mercury is widely distributed throughout the body and is retained longer than inorganic mercury. 4,28 The kidneys, being the main excretory organs, are affected in all species by all mercurials and generally contain the highest 
concentrations after exposure
Renal tubular epithelial metallothionein binds mercury, causing it to accumulate, with subsequent tubular epithelial damage. This damage decreases excretion such that even though approximately 50% of mercury in the body is absorbed by the kidneys, only 10% is readily excreted. 3, 13, 25 Mercury also accumulates in the liver and brain; 11,27 the brain retains mercury longer than any other organ except the kidney. 4, 5, 13, 15, 35 Methyl mercury rapidly crosses the bloodbrain barrier 12,24 and also can cross the placental barrier and enter the fetus, 6, 13, 14, 24 whereas inorganic mercury does not. 4 Gastrointestinal tract mucosa often contains high concentrations of inorganic mercury because excretion is initially through the biliary and gastrointestinal tract; 4, 5, 7, 24, 27, 32 however, most mercury is eventually excreted by the kidneys. 7, 27 Mercury compounds can be irritating to mucous membranes and epithelial tissues and may cause stomatitis, small intestinal hemorrhage, ulcerative colitis, or diarrhea. 8, 15, 18, 19, 25, 30, 32 The gastrointestinal lesions in this dog may have been due to the combined effects of direct irritation to the mucosa and shock and ischemia from terminal shunting of blood from the gastrointestinal tract. Kidney lesions are usually manifested by swelling, paleness, and edema. 8, 19, 25, 30, 32 The nervous system is the most predominant source of histologic lesions in most species. One of the most consistent findings is a diffuse perivascular infiltrate of lymphocytes and monocytes. 14, 15, 29, 31, 32 Another predominant feature is severe neuronal necrosis characterized by severe shrinkage and alteration of staining characteristics of neurons. 14, 22, 31, 32 The location of affected neurons is species specific but generally includes the thalamic region. 15, 16, 24, 29, 33, 34 Renal histologic lesions are characterized by necrotizing nephrosis, interstitial edema, or tubular mineralization. 8, 17, 20, 21, 24, 32, 33 This case had many similarities to mercury toxicity reported in other animals. The acute onset of bloody diarrhea and progressive neurologic abnormalities are compatible with the signs of mercury toxicity. The neuronal necrosis of the thalamic region, primarily in the lateral geniculate nucleus, is similar to that seen in mercury toxicosis in primates 29 and swine. 32 As in mice, 4,6 the dorsal spinal cord was severely affected in this dog, and the renal and gastrointestinal lesions are similar to those found in other species. These findings, in conjunction with the high concentrations of mercury in the liver and kidney, document mercury toxicity in this animal.
Retrobulbar teratoma in a great blue heron (Ardea herodias)
Scott H. Schelling At presentation to the Vermont Institute of Natural Science, an adult female great blue heron (Ardea herodias) had unilateral exophthalmos. The bird was subsequently euthanatized and submitted to the Tufts University School of Veterinary Medicine Wildlife Clinic.
On postmortem examination, the shape of the right eye was distorted by a firm, discrete 5.0-cm-diameter retrobulbar mass (Fig. 1) . Its cut surface was solid and cystic, gritty and mucoid, and mottled gray-white, pink, and yellow. The bony orbit and remaining viscera were grossly normal. For microscopic examination, 6-µm sections of formalin-fixed, paraffin-embedded samples of the retrobulbar mass, adrenal glands, and left ovary were stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), and Gömöri's methenamine silver.
Histopathologic examination of the retrobulbar mass re- cent duct-like structures, interpreted to be remnants of the vealed a circumscribed array of haphazardly distributed islands of mineralized woven bone, hyaline cartilage, fat, fibrous tissue, skeletal and smooth muscle, melanocytes, and various epithelia. PAS-positive, mucus-filled columnar epithelial cell-lined cysts (Fig. 2) with evidence of goblet cell differentiation and keratin-filled stratified squamous epithelial cell-lined cysts (Fig. 3) were conspicuous. Some of the columnar epithelium-lined cysts, characterized by discontinuous subepithelial plates of cartilage and smooth muscle, resembled the extrapulmonary portion of avian primary bronchi. 8 Feathers, indicated by unstained, angular, birefringent plates of hard keratin, were present within some of the stratified squamous epithelial cell-lined cavities. There was an attendant interstitial infiltrate of lymphocytes, plasma cells, heterophils, and foreign body-type multinucleated giant cells; these giant cells were associated most commonly with keratinaceous debris extruded from ruptured keratin-containing cysts.
